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FLUORESCENT BOMBESIN-LIKE PEPTIDES 

Cross Reference To Related Applications 
This application is a continuation-in-part application of U.S. S.N. 08/682,810 filed 
July 10, 1996 and entitled "Fluorescent Peptides", which is a continuation-in-part 
application of U.S. S.N. 08/504,856, having the same name and filed July 20, 1995, which 
are hereby incorporated in their entirety by reference. 

Background of the Invention 

This invention relates to peptide-based compounds having light-emitting moieties. 
Peptides may be chemically linked with detectable "labels" and used as probes, for 
example, to monitor peptide, cytokine, drug, and hormone receptors at the cellular level. 
Typically, the labeled peptide is placed in contact with a tissue or cell culture where it 
binds to an available receptor. Once bound, the label is detected, allowing properties 
such as receptor distribution or receptor binding kinetics to be monitored. 

Peptides are typically labeled with radioactive elements such as ^^^I or ^H. In this 
case, emission of high-energy radioactive particles is monitored using standard y-ray 
detectors, thereby allowing detection of the label. While detection techniques for ^^^I and 

are well-known, radioactive compounds by nature have limited half lives, and are 
often both toxic and expensive. Moreover, current detection technology makes it difficult 
or impossible to detect radioactive probes in real-time, thereby precluding study of kinetic 
processes. 

Bombesins are a family of peptide neurotransmitters that share a common C- 
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terminal amino acid sequence Trp-Ala-X-Gly-His-X-Met-NHj. Bombesin-like peptides 
include gastrin releasing protein (GRP) neuromedin B (NMB), neuromedin C (NMC), 
ranatensin, litorin and phyllolitorin. Bombesin-like peptides are particularly desirable 
peptides to label and use to monitor cell receptors, as these peptides exhibit multiple 
5 biological roles and their receptors are located in a variety of tissues. Specifically, 
bombesin-like peptides are localized to the brain (being particularly associated with 
neurons), intestine, lung, adrenal gland, and pituitary. Receptors for bombesin-like 
peptides include, for example, bombesin 1 receptor (BBl or NMB receptor), the 
bombesin 2 receptor (BB2 or GRP receptor), and bombesin 3 receptor (BB3 or orphan 
10. bombesin receptor) and the NMB receptor. Binding to a cognate receptor by a bombesin- 

•0 like peptide stimulates neurotransmitter activity, (e.g., influencing thermoregulation, 

Ul 

\!i homeostasis, metabolism, behavior, stimulation of smooth muscle contraction (e.g., of the 

Q intestine, uterus, bladder, etc.), and glandular secretion (e.g., pancreas, anterior pituitary, 

tj etc.). Peripheral receptor binding is associated with mitogenic activity in lung cells, 

1;5| (including small-cell lung carcinomas), gastrointestinal tract. 

There exists the need for peptides that are chemically linked with detectable labels 

' Jj that are easily detected, yet do not decrease the biological activity of the peptide. 

Summary of the Invention 
20 The present invention provides a compound containing a bombesin-like peptide 

and a light-emitting moiety that is both biologically active and optically detectable. The 
peptide is chemically attached to the light-emitting moiety at an amino acid position that 
is not involved in binding to the peptide receptor. In this way, the peptide's affinity for 
the binding site is not significantly decreased, and the compound retains high biological 
25 activity. Furthermore, the compound can be easily detected using standard optical means. 

In general, in one aspect, the invention provides a biologically active compound of 
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the formula: 

X 

I 

RrC-(L),-R2 

5 

where R, is a Ught-emitting moiety, R2 is a bombesin-hke peptide and fragment, 
derivative or analog thereof and L is a linker moiety, which may be present or absent. 
The peptide is linked at a first amino acid position to (C-X) which, in turn, is selected 
from the group including C=0, C=S, CH(OH), C=C=0, C=NH, CHj, CH(OR), CH^R), 
10 CH(R), CR3R4, and C(OR3)OR4 where R, R3, and R4 are alkyl moieties or substituted 
i^i alkyl moieties. Optionally the compound may include a linker moiety between the 
ill peptide and the C-X binding group. Preferably, the compound exhibits substantial 

: ?i 
t ~ J 

'\2 biological activity in the presence of receptors having affinities for bombesin-like 
|1{ peptides. The compound may also be in the form of a pharmaceutically acceptable salt or 
15- complex thereof. Preferably, the N-terminus of said bombesin-like peptide is attached to 
:-J (C-X), either directly or through a linker moiety. 

i== In preferred embodiments, the bombesin-like peptide can be any peptide that 

Rl 

11 shares sufficient homology with bombesin (SEQ ID NO: 1). In particularly preferred 
embodiments, the bombesin-like peptide is any one of GRP, NMB, or NMC. GRP 

20 includes the amino acid sequence Val-Pro-Leu-Pro-Ala-Gly-Gly-Gly-Thr-Val-Leu-Thr- 
Lys-Met-Tyr-Pro-Arg-Gly-Asn-His-Trp-Ala-Val-Gly-His-Leu-Met (Sequence ID No.2). 
NMB includes the amino acid sequence Gly-Asn-Leu-Trp-Ala-Thr-Gly-His-Phe-Met 
(SEQ ID N0:3). NMC includes the amino acid sequence Gly-Asn-His-Trp-Ala-Val- 
Gly-His-Leu-Met (SEQ ID N0:4). Altematively, the bombesin-like peptide could be a 

25 modified bombesin peptide that includes various substitutions. The peptide [Dphe*^, 
betaAla*\ Phe^^, Nel^'^]Bbn(6-14) contains modified amino acids and includes the 
sequence Dphe-Gly-Trp-Ala-Val-betaAla-His-Phe-Nle (beta Ala represents beta-alanine 
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and Nle represents norleucine) (SEQ ID N0:5). The first residue is attached to the (C-X) 
moiety and is preferably chemically bound to the (C-X) moiety through the N-terminal 
amino acid. In still other preferred embodiments, the (C-X) bond is either C=0 or C=S. 
In another preferred embodiment, the peptide may be amidated at the C-terminus. For 
example, the bombesin like peptides disclosed herein are amidated at the C-terminus. 
] / In other preferred embodiments, th(^ light-emitting moiety (Ri) is selected from the 
L/^oup including Bodipy, fluorescein, fluMoscien isothiocyanate (FITC), Texas red, 
phycoerythrin, rhodamine, carboxytetrafmethylrhodamine, indopyras dyes, Cascade blue, 
coumarins, nitrobenzo-2-oxa-diazole /nBD), Lucifer Yellow, propidium iodide, CY3, 
CY5, CY9, dinitrophenol (DNP), lamhanide cryptates, lanthanide chelates, 
non-fluorescent dialdehydes (OPA,iNDA, ADA, ATTOTAG reagents from Molecular 
Probes) which react with primary amines (N-term lys) in the presence of a nucleophile 
(i.e. CN") to form fluorescent isoimdoles, ALEXA dyes, dansyl dyes fluorescamine and 
dabcyl chloride, lAEDANS, long hfetime dyes comprised of metal-ligand complexes 
(MLC) which consist of a metal /::enter (Ru, Re, Os) and organic or inorganic ligands 
complexed to the metal such as /such as [Ru(bpy)3]^^ and [Ru(bpy)2(dcbpy)], and the like 
and derivatives thereof The lifeht-emitting moiety can be attached to the peptide by 
reaction of a reactive side group (of the light-emitting moiety) with the N-terminal amino 
acid of bombesin-like peptidei Suitable reactive side groups include, by way of example 
only, indoacetamide, maleimlde, isothiocyanate, succinimidyl ester, sulfonyl halide, 
aldehydes, glyoxal, hydraziip and derivatives thereof. 

The above-identified compound is useful in the labeling of cell receptor sites, cell 
sorting, flow cytometry and performing fluoroimmunoassays. In another aspect, the 
invention provides a method for labeling a receptor having an affinity for a bombesin-like 
peptide by contacting the receptor with one or more of the compounds described above. 
Cell receptor sites, can be imaged by contacting candidate cell receptor sites with the 
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compound of the invention, and then detecting the bound compounds as an indication of 
the cell receptor sites. Cell sorting can be performed by contacting a population of cells 
with compound and isolating cells bound to the compound. Flow cytometry can be 
performed by contacting a population of cells with the compound and detecting cells 
5 bearing receptors on their surfaces by detecting cells bound to the compound. In other 
preferred embodiments it is possible to use the compound to label receptor sites on a 
model organism, (e.g., C. elegans) in order to elucidate the tissue distribution of the 
receptor sites. 

The invention has many advantages. In a general sense, peptide-containing 
I Q. compounds which retain their biological activity after being labeled with light-emitting 
;W moieties have a wide variety of biological applications. Such compounds can be used to 
111 identify, visualize, quantify, target and select receptors on cells and tissues both in vitro 

Q and in vivo. These compounds may be used in place of more conventionally labeled 

ill 

peptides, such a ^^^I radiolabeled peptides. Radiolabeled compounds are often toxic, 
l|i environmentally hazardous, chemically unstable and have, by the nature of the 
i 'J radioactive decay rate, relatively short lifetimes. In contrast, fluorescently-labeled 
' If bombesin-like peptides are relatively safe and non-toxic, thereby allowing it to be 
synthesized and used without employing special laboratory procedures. Similarly, 
following use, fluorescent bombesin-like peptides may be easily disposed, whereas 
20 disposal of radioactive compounds is both time-consuming and costly. In addition, 

fluorescent markers for bombesin-like peptide receptors are stable and may be stored for 
extensive periods of time without undergoing considerable degradation. 

Use of bombesin-like peptides in the labeled compound provides several 
additional advantages. As described above, bombesin-like peptides exhibit biological 
25 - activity in organs such as the brain, gastrointestinal tract and lung, and are involved in 

neurotransmitter activity, mitogenic activity and secretin of enzymes from various organs. 
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Therefore, bombesin-like peptides may be used as probes to investigate a large number of 
different cell types. In addition, these peptide has a relatively simple structure (10-27 
amino acids) and can be synthesized and isolated with standard, well-known techniques. 
During typical experiments, fluorescent markers for bombesin-like . receptors emit 

5 optical signals, and thus may be monitored by eye or with the aid of external optical 

detectors. In this way, the fluorescent peptides obviate the need for secondary detection 
steps sometimes used for radiolabeled compounds or incubation with secondary labeled 
compounds. Detection of optical radiation is, in general, relatively simple and cost- 
effective compared to detection of radioactive particles (e.g., a-particles); conventional 
IQ^ charge-coupled device (CCDs) or light-sensitive cameras can therefore be used without 

0 modification for this application. 

ill 

ill In addition, because of their high optical emission rates and well-characterized 

i'l emission cross sections, fluorescent markers attached to bombesin-like peptide can be 
used for real-time, quantified imaging of a number of dynamic biological phenomena, 
15i such as kinetics associated with receptor binding. The compounds can also be used for 
ijj static processes, such as monitoring peptide distribution within a cell. Bombesin-like 
4^ peptide receptors marked with fluorescent peptides may also be used in flow cytometry, 
'0 confocal microscopy, fluorescence polarization spectroscopy, and any other techniques 

exploiting the optical detection of fluorescence or photoluminescence. 
20 Other advantages and features of the invention will become apparent firom the 

following detailed description, and fi:om the claims. 

Definitions 

"Bombesin-like peptide": "Bombesin-like peptide refers to any peptide, that 
25 belong to the bombesin subfamily of peptides. For example, any protein with substantial 
DNA or peptide sequence homology and similar biological activity to bombesin, as 
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determined by one of ordinary skill in the art, would be considered to qualify as a 
bombesin-like peptide. "Bombesin-like peptide" or "bombesin-like compound" includes 
fragments of bombesin, derivatives or analogs thereof. Some examples include, GRP, 
NMB, NMC, and [Dphe^ Ala**, Phe*\ Nle'^]Bbn(6-14) as described in the present 
5 application. Bombesin-like peptides may be peptides whose sequences differ from 
bombesin's wild-type sequence by only conservative amino acid substitutions. For 
example, one amino acid may be substituted for another with similar characteristics (e.g., 
valine for glycine, arginine for lysine, etc.) or by one or more non-conservative amino 
acid substitutions, deletions, or insertions which do not abolish the peptide's biological 

IQ. activity. Alternatively, the bombesin-like peptide may contain modified amino acids, 

such as norleucine of [Dphe^, Ala* *, Phe*\ Nle*'*]Bbn(6-14). Other useful modifications 

ill include those which increase bombesin's stability. The peptide may contain, for example, 
one or more non-peptide bonds (which replace a corresponding peptide bond) or D-amino 
acids in the peptide sequence. Additionally, the C-terminus carboxylic acid group may 

I3j be modified to increase peptide stability. For example, as described above, the C- 

terminus may be amidated or otherwise derivatized to reduce the peptide susceptibility to 
■;J degradation. 

"Fluorescent peptide" or "compound": As referred to herein, "fluorescent peptide" 
or "compound" refers to a peptide-based compound that has been labeled with a light 
20 emitting moiety. The fluorescent peptide has the desirable characteristics of preserving 
the biological activity of the peptide-based compound, for example in receptor binding, 
and providing a detectable signal that can be measured using standard optical means. 

"Light emitting molecule": "Light emitting molecule," as used herein, refers to a 
molecule capable of emitting light of any detectable wavelength that is not attached to a 
25 peptide of the present invention. 

"Light emitting moiety": "Light emitting moiety" is used to refer to a light 
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emitting molecule (e.g., a fluorescent dye) that has been attached by any of a variety of 
means, as described below, to peptide-based moiety. Attachment to the peptide-based 
moiety is carried out so that the biological activity of the peptide-based moiety is 
maintained. The light emitting moiety provides a detectable signal of a particular 
5 wavelength. In general, the signal provided by light emitting moieties may be detected by 
a variety of techniques including conventional microscopy methods, including 
fluorescence or confocal microscopy, atomic force microscopy, fluorescence polarization 
spectroscopy and fluorimetry. Particularly preferred light emitting moieties are described 
in more detail below. 

10. "Peptide moiety": "Peptide moiety", as used herein, refers to any peptide 

=W composed of any sequence of natural (i.e., found in nature) and/or custom amino acids. 

Ul 

111 By "custom amino acid" is meant any amino acid that can not be found in nature, but can 
i"| be synthesized in a laboratory. Such amino acids are often chemically modified amino 
=1| acids. It is well known that natural amino acids may also be synthesized. Particularly 
IS^ preferred peptide moieties of the present invention include bombesin-like peptides. Most 
J particularly preferred are the bombesin-like peptides NMB, NMC, GRP, and [Dphe^, 
;]j AW\ Phe*\ Nle*^]Bbn(6-14). 

1^ "Linker moiety" or "linker": A "linker moiety" or "linker" is any moiety of the 

compound located between the peptide and the label or at any other position which 

20 provides greater three dimensional separation between the label and the peptide. One 
particularly preferred linker moiety used in the present invention is based on y- 
aminobutyric acid. Other moieties that may be used as linkers in the present invention 
include those derived from glycine, beta-alanine, aminopentanoic acid, aminohexanoic 
acid, aminohepanoic acid, aminooctanoic acid, aminononanoic acid, aminodecanoic acid, 

25 aminoundecanoic acid, and aminododecanoic acid. Each of these moieties include an 

amino and a carboxylic acid functionality and so may be incorporated into the compound 
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using a peptide bond. 

"Biologically active compound" or "biologically active peptide": "Biologically 
active compound" or "biologically active peptide", as used herein, refers to the 
fluorescently labeled peptide of the invention represented in the formula described below 
and in Figure 1 . Any biologically active compound of the present invention is 
substantially biologically active. 

"Substantially biologically active": In all cases, by "substantially biologically 
active" is meant that the compound binds to a receptor having an affinity IC50 or Kj value 
for the compound which is no more than 100 times, preferably no more than 15 times, 
more preferably no more than 10 times and most preferably equal to or less than that of 
the corresponding unlabeled peptide. Most preferably, an affinity IC50 or value for the 
compound is no more than 10 nM. Receptor affinity in this case can be determined using 
known methods, such as methods involving competitive binding of radioactively labeled 
peptides or by using known methods of fluorescence polarization or other known 
fluorescence technique for measuring the for the receptor/peptide interaction. 

"Low" or "no" biological activity or "biologically inactive": By "low" or "no" 
biological activity or "biologically inactive" is meant biological activities less than 0.25% 
of the biological activity of R2-H in the presence of a receptor having affinity for 
bombesin-like peptides. 

Brief Description of the Drawings 

Fig. 1 is a schematic drawing of the chemical structure of fluorescently-labeled 
bombesin-like peptide according to the invention. 

Fig. 2 is an IC50 curve showing displacement of labeled bombesin from 
bombesin receptors BBl, BB2 and BB3 by increasing concentration of unlabeled and 
fluorescently labeled GRP. 



Fig. 3 is an IC50 curve showing displacement of labeled NMB from BBl (the 
NMB receptor) by increasing concentration of unlabeled and fluorescently labeled NMB. 

Fig. 4 is an IC50 curve showing displacement of ^^^I labeled bombesin from 
bombesin receptor BB2 by increasing concentration of unlabeled and fluorescently 
labeled NMC. 

Fig. 5 is an IC50 curve showing displacement of ^^^I labeled GRP from the BB2 
receptor by increasing concentration of unlabeled and fluorescently labeled GRP. 

Fig. 6 is an IC50 curve showing displacement of ^^^I labeled -[Dphe^, Ala^^ Phe^^ 
Nle*'^]Bbn(6-14) from the BB3 receptor by increasing concentration of unlabeled and 
fluorescently labeled -[Dphe^ AW\ Fhc'\ Nle*4]Bbn(6-14). 

Detailed Description of the Invention 
The present invention provides biologically active labeled peptides that can be 
used in a variety of assays including labeling cellular receptors, cell sorting, flow 
cytometry and fluoroimmunoassays. In one preferred embodiment, ( Fig. 1), a 
fluorescent peptide 10 according to the invention includes a light-emitting moiety 12, 
such as a fluorescent dye, linked via a (CX) bond to a peptide moiety 14. The peptide 
moiety 14 includes amino acid residues of a bombesin-like peptide, and fragments, 
derivatives or analogs thereof The bombesin family of peptides share a common C- 
terminal amino acid sequence Trp-Ala-X-Gly-His-X-Met-NHs 1 1 (SEQ ID N0:6) where 
frill biological activity of bombesin and bombesin-like peptides resides. The N- terminal 
sequence 13 of bombesin and bombesin-like peptides has a modulatory role important for 
variation in selectivity of the peptides for different bombesin-like peptide receptors. 

In order to retain substantial biological activity and affinity for bombesin-like 
peptide receptors, the peptide is attached to a fluorescent label via the (CX) linking 
moiety at an amino acid bound to the N-terminus (position 1). The N-terminus of 
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position 1 is not essential for biological activity, i.e., it is not significantly involved in 
bombesin receptor binding (e.g., BBl). In this manner, the light-emitting moiety does not 
sterically hinder or otherwise significantly affect the region involved in receptor binding 
and the biological activity of the compound is thus maintained. For example, in a 
5 preferred embodiment, the peptide moiety NMB is attached to the N-terminal glycine 
(position 1) of the peptide via an aN-Glyl bond to the light emitting moiety through a 
(C=0) bond. The light-emitting moiety may be covalently bonded to the (CX) linking 
group at any available position. The (CX) linking group represents the bond formed 
between the light-emitting moiety and the peptide upon reaction and this bond may 
1% include groups such as C=0, C-S, CH(OH), C=C=0, C=NH, CH2, CH(OR), CH(NR), 
CH(R), CR3R4, and C(OR3)OR4 where R, R3, and R4 are alkyl moieties or substituted 

111 

alkyl moieties. 

! -.1 
t'**" 

Fluorescent peptides of this type have amino acids which are available for binding 
-I to bombesin-like peptide-recognizing receptors, thereby enabling the fluorescent peptide 
Igi to be used for labeling purposes. Once the fluorescent peptide is bound to an available 
receptor, the attached light-emitting moiety retains optical properties similar to those of 
\i an unbound light-emitting molecule. In this way, the fluorescent peptide can bind to the 
corresponding receptor and emit light following absorption of an incident optical field, 
and thus serve as a marker for the bombesin-like peptide receptor. This allows the 
20 receptor to be "labeled" and permits investigation, for example, of peptide/receptor 

interactions. In particular, fluorescently labeled peptides participating in receptor/peptide 
interactions can be monitored to determine the location of receptors in cell or tissue 
samples, and additionally allow quantification of receptors, determination of the receptor 
affinity for various ligands, or the identification of various populations of cells. 
25 In preferred embodiments of the present invention, a linker moiety may be used to 

provide greater three dimensional separation between the label and the peptide and to 
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attach the peptide to the fluorescein label. 

The invention provides labeled peptides that retain their biological activity. The 
combined practice of 1) attaching the label to a region of the peptide that is not essential 
for the biological activity of the; and 2) peptide providing a linker between the label and 
the peptide when necessary; facilitates maintenance of the biological activity of the 
peptide. The linker is chemically similar to an amino acid and is capable of forming 
peptide bonds with the bombesin-like peptide. A variety of linkers are known in the art 
that may be used in the present invention. For example, glycine, beta-alanine, 
aminopentanoic acid, aminohexanoic acid, aminohepanoic acid, aminooctanoic acid, 
aminononanoic acid, aminodecanoic acid, aminoundecanoic acid, aminododecanoic acid 
and p-(2-naphthyl)-L-alanine. In the present application, y-aminobutyric acid is used as a 
linker in the compound fluoresceinyl-[Dphe^ AW\ Phe^^ Nle''^]Bbn(6-14) between the 
label and the N-terminal D-phenylalanine by forming a peptide bond between y- 
aminobutyric acid and D-phenylalanine. 

Bombesin-like peptides may be synthesized using techniques known in the art, 
extracted from natural systems, or obtained from commercial sources (e.g., American 
Peptide, Peninsula, Neosystems, Sigma, BASF). A list of the bombesin-like peptides 
referred to herein and their analogs that may be used to practice the invention may be 
obtained from American Peptide Co., Inc product catalogue. Typically, the peptide is 
either purchased or synthesized using conventional solid-phase synthetic techniques. 
Preferably, the peptide is substantially pure, meaning that it is at least 60% by weight free 
from the other compounds with which it is naturally associated. 

Once the desired peptide is obtained, fluorescent peptides having high biological 
activities are made by attaching the light-emitting moiety to the first amino acid position 
of the bombesin-like peptide moiety. In general, this reaction is carried out by modifying 
a functional group on the peptide, most typically a thiol or amine group, so that this 
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peptide moiety may be easily attached to the light-emitting moiety. Reactions for such 
modifications are described in, for example, ''Handbook of Fluorescent Probes and 
Research Chemicals - 5th Edition " (supra). 

The conditions used to modify amine moieties of the desired peptide will depend 
on the class of amine (e.g., aromatic, aliphatic) and its basicity. Aliphatic amines, such as 
the a-amino acid groups of lysine and arginine, are moderately basic and reactive with 
acylating reagents. The concentrations of the free base form of the aliphatic amines 
below pH 8 is very low; thus, the kinetics of acylation reaction of amines by 
isothiocyanates, succinimidyl esters, and other reagents is strongly pH-dependent. 
Although amine acylation reactions should usually be carried out above pH 8.5, the 
acylation reagents degrade in the presence of water, with the rate increasing as the pH 
increases. Therefore, a pH of 8.5-9.5 is usually optimal. 

In general, thiols or alcohols react with alkylating groups (R'-Z) to yield relatively 
stable ethers or thiol ethers (R'-S-R), e.g., (C-X) is the a-carbon of R', with the leaving 
group Z preferably being a halogen (e.g., CI, Br, I) and the like. In particular, the most 
common reagents for derivatization of thiols are haloacetyl derivatives. Reaction of these 
reagents with thiols proceeds rapidly at or below room temperature in the physiological 
pH range. 

In general, any dye, porphyrin, fluorophore, orptfier light-emitting molecule may 
^y/be complexed with the bombesin-like peptide^^^^i^^ embodiments, the light- 

emitting moiety is selected from the groun^rficluding Bodipy, fluorescein, FITC, Texas 
red, phycoerythrin, rhodamine, carbo^etra-methylrhodamine, indopyras dyes. Cascade 
blue, coumarins, NBD, Lucifer Ydflow, propidium iodide, CY3, CY5, and CY9, 
dinitrophenol (DNP), lanthaniQe cryptates, lanthanide chelates, non-fluorescent 
dialdehydes (OPA, NDA/ADA, ATTOTAG reagents from Molecular Probes) which 
react with primary anmies (N-term lysine) in the presence of a nucleophile (i.e. CN") to 
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form fluorescent isoindoles, ALEXA dyes, dansyl dyes, fluorescamine and dabcyl 
chloride, lAEDANS, long lifetime dyes comprised of metal-ligand complexes (MLC) 
which consist of a metal center (Ru, Re, Os) and organic or inorganic ligands complexed 
to the metal such as such as [Ru(bpy)3]^"^ and [Ru(bpy)2(dcbpy)], and the like and 
derivatives thereof. The synthesis and structures of several dyes which may be used are 
described in U.S. Patents 5,248,782; 5,274,1 13; and, 5,187,288, the contents of which are 
incorporated herein by reference. Other light-emitting moieties used in labeling or other 
applications may be attached to the peptide. For example, suitable light-emitting moieties 
are described in '^Handbook of Fluorescent Probes and Research Chemicals - 5^^ Edition''' 
by Richard P. Haugland 1994; and "Design and Application of Indicator Dyes", 
Noninvasive Techniques in Cell Biology: 1-20 by Richard P. Haugland et al., Wiley-Liss 
Inc. (1990), the contents of each of which is incorporated herein by reference. 

In general, reactive groups on the light-emitting moiety, such as unsaturated alkyl 
groups or acylating moieties, will react with the modified peptide to form a dye/peptide 
bond. The chemical structure of the light-emitting moiety may affect the synthetic route 
used to synthesize the fluorescent bombesin-like peptide analog. It may be necessary, for 
example, to modify the light-emitting moiety so that it includes a reactive group prior to 
exposing this moiety to the desired peptide. Such side groups may include 
indoacetamide, maleimide, isothiocyanate, succinimidyl ester, sulfonyl halide, aldehyde, 
glyoxal and hydrazine derivatives. Amino acids including alanine, arginine, asparagine, 
aspartic acid, cysteine, glutamine, glutamic acid, glycine, histidine, isoleucine, leucine, 
lysine, methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine, and 
valine may be labeled according to the method described herein. 

The chemistry used to synthesize the fluorescent peptide is not greatly dependent 
upon the exact structure of the bombesin-like peptide analog. Thus, the general 
procedure outlined below may be used for most bombesin-like peptides. Attachment of 
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this peptide to a light-emitting moiety is described in detail in the Examples provided 
below. 

Once synthesized, the resulting complex is purified, preferably using a column 
method such as high pressure liquid chromatography (HPLC), and then eluted. Collected 
fractions are then screened using analytical methods to determine if adequate biological 
activity is present. Fluorescent bombesin-like peptide analogs having adequate biological 
activities are selected by first exposing these analogs to bombesin-like peptide receptors; 
compounds binding effectively to these sites are then isolated from relatively inactive 
fluorescent peptides. In general, this selection process can be performed using standard 
techniques, such as column chromatography or other analytical techniques known in the 
art. The selection process is designed to allow maintenance of the compound's 
pharmacological binding, and thus allows only the dye/peptide compounds exhibiting 
substantial biological activities to be separated from relatively inactive compounds. 

Referring now to Figure 4, a fluoresceinyl-NMC peptide with the amino acid 
sequence Gly-Asn-His-Trp-Ala-Val-Gly-His-Leu-Met-NH2 was tested to determine its 
affinity for NMC receptor sites. The fluoresceinyl-NMC peptide compound absorbs light 
maximally at 494 nm and features an emission spectrum centered around 518 nm. The 
compound exhibits comparable, dose-dependent binding to the NMC-binding receptor, 
bombesin-receptor subtype 1 (BBl), when compared to native bombesin peptides, as 
determined by displacement of radiolabeled-bombesin peptides bound to receptors 
located rat cerebral cortex neurons in the brain. The concentrations at which 50% of the 
binding is inhibited (i.e., the IC50) is 3.2 nM for the fluorescein-labeled compound, as 
compared to 1 .8 nM for the unlabeled bombesin. The IC50 is related to the binding 
constant K; by the formula IC50 Ki(l + Fl/K^), where FlIs the concentration of the free 
labeled ligand and is the dissociation constant for the labeled ligand. The Kj for this 
compound was 3.2 nM for the labeled compound versus 1 .8 nM for the unlabeled 
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compound. This demonstrates the high degree of retention of biological activity. 

The Kj data for other bombesin-like peptides for the perspective receptors is 
provided in Table 1 and Figures 2-6. All experimental results were obtained by 
displacing radiolabeled bombesin from the designated receptor, except for the results 
obtained for GRP which used radiolabeled GRP. Other receptors used in binding assays 
include the NMB receptor, the bombesin-receptor subtype 2 (BB2) and the bombesin 
receptor subtype 3 (BBS). As mentioned above, the biological activities of fluoresceinyl- 
NMC as well as fluoresceinyl-GRP compounds were determined in non-selective assay 
by binding to BBl, BB2 and BBS expressed by rat brain neurons whereas the biological 
activities of fluoresceinyl-NMB and [Dphe^ AW\ Phe*\ Nle^'^]Bbn(6-14) compounds 
were determined by using recombinant cells expressing the BBl (NMB receptor) or BB2 
and BBS receptors respectively. 

Table 1 



Peptide Receptor Ki (nM) 



Fluo*-NMC 


BB1,BB2, BB3 


3.2 


bombesin 


BB1,BB2, BB3 


1.8 




Fluo-GRP 


BB1,BB2, BBS 


32 


GRP 


BB1,BB2,BB3 


2.0 




Fluo-NMB 


BBl 


7.0 


NMB 


BBl 


0.1 



Fluo-[Dphe^ Ala",Phe'^ 


BB2 


0.26 


Nle'^lBbnCe-M) 
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TT-v 1 Alii TM 1 1 

[Dphe*, Ala", Phe'% 
Nle"']Bbn(6-14) 


BB2 


0.17 


Fluo-[Dphe , Ala , Pne , 
Nlei'lBbnCe-H) 


BB3 


86 


[Dphe*, Ala", Phe'\ 
Nle'^jEbnCe-H) 


BB3 


23 



* Represents that the peptide following is labeled. 



In cases where it is not known which amino acid site may be complexed to form 
the fluorescent peptide of the invention, the peptide-fluorophore complexes may be 
screened to identify suitable complexes. The general synthetic method for identifying 
light-emitting biologically active compounds of the invention is as follows. 

The bombesin-like peptide and the fluorophore of choice are incubated to form a 
mixture of compounds. Incubation is performed under conditions which permit optimal 
peptide labeling. Typically, a solution containing the peptide at a concentration of about 
10'^ - lO""* M is mixed with the light-emitting moiety in a highly basic solution, i.e., pH 
9.3-10.7 such as a carbonate buffer, in at least a 1:4 peptide:light-emitting moiety molar 
ratio. The solution is mixed at room temperature for a time of between about 24-48 
hours, and is protected from light and shaken periodically. The resulting mixture includes 
biologically active and inactive whole peptides, cleaved fragments of peptides and singly 
and multiply labeled peptides. 

After covalent bonding of the light-emitting moiety and the peptide occurs, 
unbound fluorophore is removed. In general, this step is performed using standard 
techniques such as column chromatography or other analytical techniques known in the 
art. In a typical example, unreacted amounts of the free fluorophore are removed using a 
G-50 column equilibrated with phosphate buffered saline (pH 7.4) and spun a 3000 rpm 
for a period of between 0.5 and 20 minutes. The resultant eluent contains a mixture of 
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labeled biologically active and inactive peptides. 

This solution is then collected and subjected to a high-stringency pharmacological 
binding assay. In this assay, only biologically active compounds are bound to tissue 
receptors; inactive compounds are washed away. The assay is typically performed on 
5 tissue sections, receptor-coated columns or membrane homogenates. In a typical 

example, an aliquot of the fluorescent peptide mixture is first dissolved in an aqueous 
solution (1:100) and incubated with an immobilized tissue sample containing high 
numbers of the peptide receptor, e.g., receptor transfected membrane homogenates. 
Altematively, recombinant cells expressing a particular receptor may also be used as a 
Id, membrane-bound receptor source. 

The selection process is designed to separate compounds exhibiting substantial 
biological activity fi:om those relatively inactive compounds. If necessary, during the 
Q assay, binding of the biologically active compounds may be rapidly observed visually, in 
' -I a fluorometer or by using more sensitive techniques such as fluorescence polarization 
I'll spectroscopy. 

The receptor-bound compounds are then removed from the tissue surface or cell 
membrane and analyzed to identify the site at which the fluorophore is attached, i.e., the 
site allowing fluorophore attachment without interference with receptor binding. 
Biologically active compounds bound to membrane receptors are separated from the 
20 remaining inactive fluorescent peptides in solution, either by centrifugation of membrane 
homogenates (typically at 3000 rpm for about 5 minutes) or, in the case of tissue sections, 
by rapidly rinsing the sections in incubation buffer at 4''C. The membranes are then 
resuspended in binding buffer with the biologically active compound removed from the 
cell surfaces by incubation in a high salt/acid wash solution. 
25 Once isolated, biologically active compounds are analyzed using known 

techniques, such as carboxypeptidase digestion and capillary electrophoresis, laser 
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induced capillary zone electrophoresis, mass spectroscopy, and/or HPLC or amino acid 
sequencing, to identify the site of attachment between the light-emitting moiety and the 
peptide. 

Fluorescent bombesin-like compounds selected to have high biological activity 
have a number of uses. For most applications, the fluorescent compound is first contacted 
with the sample of interest. The compound is then incubated with the cell or tissues of 
the sample for a select time period and allowed to interact with the bombesin-like peptide 
receptor. If necessary, excess, non-specifically bound compound may be washed away. 

Once the peptide is bound to the desired receptor site, the labeled sample is imaged 
using standard techniques known in the art. Conventional microscopy methods, such as 
fluorescence or confocal microscopy, may be used to optically excite and then detect 
emission from the labeled receptors. Other imaging techniques which can be used with 
the fluorescent bombesin-like peptide compounds include atomic force microscopy, 
fluorescence polarization spectroscopy, and fluorimetry. 

Using the above techniques, small-scale features in the cell which normally would 
be difficult or impossible to detect are observed. For example, this allows visualization of 
intracellular receptor sites. Moreover, labeled peptides participating in peptide-receptor 
interactions can be monitored to determine the location of receptors, to determine 
receptor affinity for various unknown ligands (drug screening), and to identify various 
populations of cells endowed with peptide receptors. Optical radiation emitted fi-om the 
fluorescing moiety can be easily and rapidly detected, allowing the fluorescent peptides to 
be used to monitor real-time receptor/peptide interactions. In this way, the compounds 
permit study of kinetic processes in the cell. Other applications include receptor sorting 
using FACS (fluorescence-associated cell sorting) and measurement of serum peptide 
levels using FIA (fluorescent immunoassays) either in vivo or in vitro for research or 
diagnostic purposes. In general, techniques which may utilize the compounds of the 
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invention include, without limitation, flow cytometry, cell sorting (for example, top 
isolate populations of cells bearing a receptor of interest), tumor marking, competitive 
binding assays for drug screening, fluorescent immunoassays, and other in vitro 
experimental techniques involving compound labeling according to techniques known in 
5 the art. 

The following Examples are used to more particularly point out the synthesis, 
selection methods, and use of fluorescent bombesin-like peptide analogs having high 
biological activities. 

1 (L, Example 1 'Synthesis of bombesin-like peptides 

Peptides were synthesized using solid phase peptide synthesis methods either 
manually or automated (MPS396 peptides synthesizer. Advanced ChemTech). Coupling 
Q of amino acid residues was accomplished via Fmoc peptide synthesis chemistry (Fields, 
\l et al., 1990, IJPPR 35, 161). Syntheses were performed on Wang or on amide Rink 
li|| resins, with side chain of amino acids fully protected. 

Benzotriazol- 1 -yloxytris(dimethylamino)phosphonium hexafluorophosphate (BOP), 
! f { (benzotriazol- 1 -yloxy)tripyrrolidinophosphonium hexafluorophosphate (PyBOP) or 

o-(benzotriazol-l-yl)-N,N,N',N*- tetramethyluronium tetrafluoroborate (TBTU) were used 
as activation agents depending on the chemistry and difficulty of the coupling reaction. 
20 All chemicals were purchased from Advanced ChemTech, Bachem and 

Calbiochem/NovaBiochem. Formation of each peptide bond between residues of the 
sequence was ensured by using a 3 to 6 fold excess of coupling reagents and by "double 
coupling"; meaning that the coupling reaction was repeated for each amino acid added to 
the growing peptide chain. 

25 

Example 2 
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Fluorescein Labeling of Peptides, 

Bombesin-like peptides were labeled using an orthogonal protection scheme 
making it possible to deprotect the N-terminal amino group of the N-terminal amino acid 
of the peptide (for example, Val of GRP, Gly of NMB, Gly of NMC, and y-aminobutyric 
acid of [Dphe^ Ala*\ Phe^^ Nle*'^]Bbn(6-14)(through use of the y-aminobutyric acid 
linker)) while leaving remaining reactive groups in the peptide protected and the C- 
terminus of the peptide attached to the resin. 

A 3-fold excess (estimated peptide in nM to fluorescein) of the carboxylic form of 
fluorescein was used and the reaction was allowed to proceed for 24 hours. The reaction 
was stopped by repeated washing (lOX 12 ml) with DMF followed by methanol (3X 12 
ml) and ethanol (2X 12ml). The resin was air dried prior to cleavage from the resin, as 
described in the procedure above. 

After the synthesis the peptides were cleaved from the resin using the Reagent K 
as a cleavage mixture. Water (2.5%), TIS (2.5%) EDT (2.5%) were used as scavengers. 
The peptides were then precipitated with cold diethyl ether. The precipitates were 
centrifuged, washed three times with diethyl ether, dissolved in 20%-50% 
acetonitrile/water mixture and lyophilized. Analytical data of crude products were 
performed using analytical reverse phase HPLC and electrospray mass spectroscopy. 

The crude peptides were purified by HPLC on a Vydac C18 or C4 column, 2.5x25 
cm, using a linear gradient of 10-50% acetonitrile in water, with 0.06% trifluoroacetate 
(TFA) or with 0.1% triethanolamine acetate buffer pH7.8 (1% /min gradient, 10 ml/min 
flow rate). Monitoring by UV at 215 nm or 254 nm. Analytical HPLC was used to 
estimation or purity of fractions. The final products were obtained as lyophilized with at 
least 95% purity estimated by analytical HPLC (Vydac CI 8, 0.46x25 cm, linear gradient 
10-60% acetonitrile in water, 0.1% TFA, 1%/min, 1 ml/min flow rate, detection by UV 
absorption at 215nm and/or 254 nm. The pure peptides were identified by molecular 



21 



mass analysis using a SCIEX API III mass spectrometer. 

The fluorescence intensity of the labeled peptides were measured on Beacon 
Fluorescence Polarization System (Panavera) or Cytofluor 96 well plate reader at gain 
85.2 nmols sample of peptide dissolved in 50 ul of DMSO, vortexing and aliquoted to 
final concentration of luM with buffer EARLS (450 uL), pH 7.4. Intensity of 
fluorescence (Em. 450/50 nm - Ex 530/25 nm) was measure for four concentrations in the 
range of 10-100 nmolar. Linear regression was used for slope calculation. This value 
was used to calculate of percentage of fluorescence of fluorescein itself as a sensitivity of 
specific response. 

Example 3 : Pharmacological Binding. 
Determination of IC50 for labeled peptides. Samples were prepared for IC50 
determination by dissolving 2-10 nmols of the sample into a final volume of 0.5 mL. In 
order to fully dissolve the peptide, the sample was reconstituted in 20 uL DMSO, 
vortexing well to ensure that all powder was completely dissolved, and then adding 0.48 
mL of double distilled water. The stock solution was aliquoted to avoid repeated fi-eezing 
and thawing of peptide. Unused aliquots were stored at -20 ""C (protected fi'om light) for 
maximum 24 hr. 

Receptor binding was carried out on tissues of rat cortex homogenate for GRP, 
recombinant cells expressing BBl (NMB receptor) for NMB, or recombinant cells 
expressing BB2 and BB3 for [Dphe^ KW\ Phe*\ Nle*']Bbn(6-14). Tests were 
conducted at least in duplicate with three repeats recommended at 5-7 test concentrations 
(firom 10"*' - 10"^ M depending on the binding values). 

Data for native and labeled peptides were analyzed by non-linear curve fitting. 
This included statistical evaluation of fit and calculation of IC50 and values. 

Other embodiments are within the scope of the following claims. 
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